Diabetes mellitus is a debilitating metabolic disorder and emerged as a major complication nowadays. The role of plants and their derivatives is indispensable in the treatment of various diseases. Azadirachta indica is a medicinal plant and holds a potential to attenuate the pathological changes associated with diabetes. In the present study streptozotocin (STZ) induced diabetic rats received the Azadirachta indica leaf extracts (ALE) treatment for a period of seven consecutive days (600 mg/Kg body weight) and then evaluated for changes in the liver tissue. The diabetic rats exhibited significant (p≤0.001) increase in the lipid peroxidation levels, decrease in GSH levels and modulation in the activities of various antioxidant enzymes including catalase, superoxide dismutase, glutathione peroxidase, glutathione reductase and glutathione-Stransferase. However, following ALE treatment to diabetic rats reported decrease in the blood glucose levels, lipid peroxidation levels, improved GSH levels and restored the activities of various antioxidant enzymes towards control levels. Besides this, light microscopic and ultramicroscopic examination of liver tissue also demonstrated less fragmentation, inflammation and decreased tissue level damage after ALE treatment, and corroborated the results of biochemical parameters. Thus, the results of present study revealed the hepatoprotective potential of Azadirachta indica in diabetes.
INTRODUCTION
Diabetes mellitus is one of the leading causes of death in the world after heart attack and cancer. Every year about one million deaths occur due to diabetes and its associated complications 1 . Recently the number of diabetic cases has increased tremendously in the developing countries viz. India, China and Bangladesh, mainly comprise young adults and children 1, 2 . Hyperglycemia is a hallmark of diabetes and leads to multitargeted damage in vital tissues causing retinopathy, neuropathy, nephropathy, cardiomyopathy and hepatic changes in the diabetic patients. Persistent hyperglycemia develops oxidative stress (both in type 1 and type 2 diabetes) via increased production of reactive oxygen species (ROS) 3 . Moreover, in type1 diabetes these ROS cause severe diabetic complications but in case of type 2 diabetes besides insulin resistance also cause destruction of beta cells in pancreas. However, malfunctioning of mitochondria during diabetes elicits an aggravated response of oxygen free radicals that causes glycation of proteins, accumulation of sorbitol and develops structural and functional abnormalities in the tissue architecture 4, 5 . Liver is being considered as the centre of metabolic activities carry out glycolysis, glycogenolysis, glyconeogenesis for glucose homeostasis, get severally affected during diabetes. The ROS reacts with the membrane lipids of hepatocytes, to damage cellular proteins, nucleic acids and develop microangiopathic modifications viz. hypentrophy, necrosis, inflammation, and fragmentation 4, 6 . In long term, these structural abnormalities affect the physiology of the liver and cause organ dysfunction. According to a latest reports tight control of blood glucose along with maintenance of antioxidant levels in the body could be a best therapy to avoid the diabetes related complications 7, 8 . In current scenario, the treatment of diabetes is being carried out with several synthetic drugs, which are efficacious, but associated with some adverse effects in their chronic use 9 . Besides this, few of the synthetic drugs are very expensive and less available to the patients. However, medicinal plants and their derivatives have been found to be efficacious as well as pose limited or no side effects 10 . Therefore, the research interest of basic scientists has been inclined towards phyto medicines and functional food. Thus, plants are emerging as a better option in the diabetic treatment. Azadirachta indica (Neem) a well known medicinal plant and belongs to the family Meliaceae. The various parts (the root, shoot, leaves, fruit and flower) of this plant are used in soap industry, tooth paste, detergents insect killers and antibacterial effects 11 14 . The hypoglycemic activity has been reported by Doli et al., using single dose of Azadirachta indica (250mg/kg body weight) and observed decrease in blood glucose levels, serum cholesterol, triglyceride, urea, ceatinine and lipids levels 15 . Further multiple doses of Azadirachta indica have also reduced blood glucose levels significantly in comparison to diabetic rats. Chattopadhay et al. have also reported antidiabetic and antilipidemic activity of this plant. However, the microangiopathic modifications especially in liver, has been studied only a little and need further elucidation 16 . Keeping these views under consideration existing study was designed to investigate the hepatoprotective effects of Azadirachta indica in streptozotocin (STZ) induced diabetic rats.
MATERIAL AND METHODS

Chemicals
All chemicals used in the study were of analytical grade and purchased from standard companies including Hi media (Streptozotocin), Sigma Aldrich (glutathione reductase enzyme), SRL, (Sodium phosphate hydrogen monobasic, sodium phosphate hydrogen dibasic, potassium phosphate monobasic, Tris hydrochloride, EDTA) etc.
Azadirachta indica leaf Extract (ALE) Preparation
The leaves of Azadirachta indica were collected from herbal garden of Panjab University Chandigarh India. The leaves were washed and grounded in one litter of double distilled water then filtered and lypholysed to obtain powder extract. Every day this powder extract was dissolved in appropriate volume of distill water to prepare fresh doses of ALE. The volume of dose was kept fixed 0.5 ml (600mg/kg body weight) and administered orally once a day. Animals Healthy male Sprague-Dawley rats (150±10 gm) were procured from central animal house facility of Panjab University Chandigarh (India). Animals were fed on standard pellet diet (Hindustan liver ltd.) with free access of water. All procedures and protocols related to animals studies were carried in accordance with guidelines issued by the committee for the purpose of control and supervision of experimentation on animals (CPCSEA) of the Panjab University, Chandigarh.
Experimental design
All animals used in the current study were acclimatized to laboratory conditions for one week and then randomly divided into 3 groups, containing 6-7 animals in each group. The groups were designated as Group 1 Control, Group 2 Diabetic (D), and Group 3 Diabetic treated with ALE (D+ALE). A single dose of STZ (60 mg/kg body weight) was induced intraperitoneally to group 2 and group 3 animals, and diabetes was confirmed on the 3 rd day of STZ induction (fasting blood glucose >250 mg/dl). Post one week of STZ induction and stabilization of blood glucose levels, the ALE treatments (600mg/kg body weight) were started with group 3 animals (D+ALE) and continued for 7 consecutive days. The concentration of ALE used in present study was selected on the basis of blood glucose lowering response curve as mentioned in our previous report 17 . However, parallel to this, group 1 and group 2 animals received 0.5 ml of distilled water instead of ALE treatment. After 14 days, all animals were sacrificed followed by overnight fast. Liver tissues were carefully excised and washed in cold normal saline solution. An appropriate weight of tissue was taken and homogenized in 100 mm Tris buffer pH 7.4 to prepare tissue homogenate (10%, w/v). Finally, homogenate was centrifuged at 12000 rpm for 30 min to prepare post mitochondrial supernatant (PMS).
Prooxidants profile
The prooxidants status of liver tissue was analyzed by measuring the levels of Glutathione (GSH), lipid peroxidation (LPO) and activities of various antioxidant enzymes. The levels of GSH were measured by the method of Ellman 18 and levels of LPO were estimated by the method of Wills 19 . The Catalase (CAT) activity was measured by the method of Luck 20 and Superoxide dismutase (SOD) activity was determined by method of Kono et.al. 21 . Activity of glutathione reductase (GRx) was assayed by the method of Carlberg and Mannervik 22 while the activity of glutathione peroxidase (GPx) was measured by the method of Flohe and Gunzler 23 . The activity of glutathione S transferase (GST) was measured by the method of Warholm et al 24 and the concentration of protein in tissue homogenate was estimated by the method of Lowry et al. 25 .
Histopathological analysis
Small sections of liver tissue were cut for light microscopic examination (LM) and transmission electron microscopic (TEM) examination. For LM the tissue was fixed in formalin solution, then washed and dehydrated in ascending grades of alcohol. Embedding was carried out in paraffin wax; thin sections (5μ) were cut using microtome and then stained with Hematoxyline and Eosin (H&E) stain. For TEM examination ~1 mm size tissue pieces were fixed in Karnosky fixative (Glutralaldehyde solution) and then dehydrated in acetone. The tissue was cleaned in toluene and then embedded with liquid araldite. Finally, the thin sections (60-80 nm) were cut and viewed under TEM at AIIMS New Delhi.
Statistical analysis
Results were calculated carefully and represented as ± standard error mean (SEM) of six animals. Variation among the groups was analyzed by one way applying analysis of variance (ANOVA) followed by LSD post hoc test using SPSS software, the value p<0.05, was considered statistically significant.
RESULTS
Blood Glucose and body weight
Streptozotocin is a potent diabetogen and animals treated with STZ showed elevation in the blood glucose levels and reduction in their body weights. The levels of blood glucose in diabetic animals were found to be elevated on 3 rd day and increased up to ~ 4 folds till 7 th day, after that remained constant till 14 th day of STZ induction. These levels of blood glucose and body weights have already been mentioned in our previous study 17 (carried out on heart tissue) where increase in the blood glucose level was found to be significant (p≤0.001) in comparison to control animals. However, ALE treatment to D+ALE animals significantly reduced (p≤0.001) blood glucose levels in comparison to untreated diabetic rats. Besides this, change in body weight was also significant. Both the groups' i.e. diabetic and D+ALE animals reduced their body weights during the course of diabetes in comparison to control animals till 7 th day of STZ induction. However, the initiation of ALE treatment to D+ALE animals prevented the further reduction in their body weights and improved the overall condition of the animals 17 .
Prooxidant Analysis Analysis of LPO and GSH levels
Hyperglycemia influenced the prooxidants system and during diabetes a disturbed pattern was observed in the various biochemical parameters. The Figure 1 (A) and 1 (B) represent the levels of LPO and GSH respectively. An elevated the levels of LPO were observed in the group 2 animals (diabetic animals) ( Figure A) . These levels were found to be significant (p≤0.001) in comparison to controls (group 1animals). However, ALE treatment to D+ALE animals (group 3 animals) exhibited significant decrease (p≤0.001) in the LPO levels. Similarly, the concentration of GSH was also measured in the liver tissues of all the animals and found to be decreased in the diabetic rats in comparison to control rats (p≤0.001). Figure 1 (B) clearly denotes the change in the levels of GSH during diabetes and ALE treatment. The ALE treated (D+ALE) rats exhibited significantly increase in the levels of GSH (p≤0.001) in comparison to untreated diabetic rats following ALE treatment.
Analysis of antioxidant enzymes
The Figure 2A -2E demonstrates the activities of various antioxidant enzymes, which showed modulation in their activities during diabetes and ALE treatment. The activity of catalase was found increased (p≤0.001) while the activities of SOD (p≤0.001), GPx (p≤0.001), GRx (p≤0.001) and GST (p≤0.001) were found to be decreased in the diabetic animals in comparison to control animals. The oral administration of ALE to D+ALE animals significantly (p≤0.001) altered the activities of these enzymes and brought them near to the control levels. As seen in Figure 2 (A) the enzyme activity of catalase following ALE treatment was found to be reversed and restored towards control levels. However, the activity of SOD was improved 2(A) but found to be statistically insignificant in comparison to untreated diabetic animals. Similarly, the ALE treatment to D+ALE rats further restored the activities of GPx, GRx and GST in comparison to untreated diabetic rats. The level of significant restoration, was different in different enzymes and found to be (p≤0.01), (p≤0.001) and (p≤0.01) for GPx, GRx and GST respectively.
Histological analysis
The liver sections were viewed under light microscope and Transmission Electron microscope to analyze the histological alterations (Figure 3 A-F ) during diabetes. The light microscopic analysis was carried out by comparing the control sections (Figure 3 A) with diabetic ( Figure 3B ) and D+ALE sections ( Figure 3C ). The control sections showed normal tissue architecture, round oval hepatocytes, compactly arranged sinusoids, normal central vein and absence of inflammation etc. whereas diabetic sections ( Figure 3B ) revealed ruptured sinusoids, While all other changes in D+ALE section were further found to be similar to the control sections. Over all the TEM analysis also confirmed these changes.
DISCUSSION
Diabetes mellitus is a chronic metabolic disorder having a complex pathophysiology. The animal models could represent these pathophysiological changes in a better way therefore; animal models are preferred in the diabetic research 26 . In the present study, the animal model of diabetes was prepared by inducing streptozotocin to the SD rats at a dose of 60 mg/kg body weight. STZ is a well known diabetogen and all doses above 50mg/kg body weight can produce symptoms similar to insulin dependent diabetes 27 . However, the mode of action of this drug is very specific and involves alkylation and fragmentation of DNA present in beta cells 27 . The destruction of beta cells and deficiency of insulin leads to the development of hyperglycemia; similar results were observed in our study after STZ induction to the rats 17 . The observation of elevated blood glucose levels in the diabetic rats might be due to the metabolism of stored glycogen and fats 28 . According to a recent report, the maintenance of hyperglycemic status requires the regular breakdown of structural proteins of the body, which affect over all body weight later on, leading to reduced body weight in the diabetic animals compared to control animals 29 . Although, the increase in body weight in D+ALE rats was not found to be significant, but indicated that ALE treatment could prevent the weight loss and confirmed the findings of Chattopadhay et al. and Khosla et al 30, 31 . However, the exact mechanism involved in the reduction of blood glucose levels is largely unknown. Additionally, ALE treatment decreased the rate of weight loss in D+ALE treated rats in comparison to diabetic rats, which could be a response to decreased hyperglycemia. It is also possible that controlled blood glucose levels reduced the breakdown of structural protein causing the decrease in weight loss in D+ALE rats. Hyperglycemia often increases the influx of glucose in the cells, thereby increasing the metabolic load on the mitochondria, which further undergoes malfunctioning and produces free radicals. Normally small amount of free radicals are routinely produced and get scavenged by intra Rough endoplasmic reticulum, LM Section: (3A) Control liver Shows normal structure of hepatocytes, compact arrangement, sinusoids, and hepatic artery (Black arrow). Section (3B) Diabetic liver shows vacuolization, degenerative changes (thinning of sinusoidal boundaries) hepatocytes and inflammation (Red arrow). Section (3C) D+ALE liver shows decrease in diabetic changes, in hepatocytes and improvement in hepatic tissue architecture. TEM sections: (3D) Control liver shows compact arrangement of tissue and normal distribution of mitochondria, intact nuclear membrane and rough endoplasmic reticulum (RER). Section (3E) Diabetic liver (STZ) shows deformed mitochondria, fragmentation and decrease in RER. Section (3F) D+ALE treated liver shows less number of deformed mitochondria, well arranged RER, and over all less disturbed tissue architecture. cellular antioxidant systems, but during diabetes, the production of free radicals gets increased many fold and the scavenging system gets disturbed. The over produced free radicals react with cellular components and cause structural and functional level destruction. The attack on cellular lipids present in the cell membrane may cause lipid peroxidation 6 , which might have damaged the hepatocytes in the present study. GSH is an important component of the proxidant system and protects the cells from the effects of free radicals. Moreover, free radicals further evoke the antioxidant enzymes, which also utilize cellular GSH to protect their activities, causing the observed significant modulation in the activities of various antioxidant enzymes. However, ALE is considered to be a rich source of a large number of compounds viz. Myricetin Quercetin-3-O-L-rhamnoside, known for its antioxidative and hypoglycemic property, scavenged the free radicals and decreased oxidative stress. Therefore, ALE treatment to diabetic rats seemed to improve the GSH content, decreased the lipid peroxidation, and restored the activities of antioxidant enzymes. According to the previous reports, persistent hyperglycemia is destructive for the cellular components and develops morphological and physiological alterations in the tissues 6, 32, 33 . Initially, the changes appear at the tissue level as microangiopathic changes; however, with passage of time, these changes get accumulated and become a major reason of organ dysfunction. In the present study, the hyperglycemia in diabetic animals displayed the changes in prooxidant status of the tissue, which might have further developed histopathologic changes, such as necrosis, inflammation, and damaged sinusoids in the liver. Additionally, the studies of Zou et al. have also reported that enhanced LPO levels and depleted GSH levels could also cause structural and architectural damage to the tissues 6 . Moreover, Chen et al. also suggested that augmented oxidative stress and decreased antioxidant levels may cause hepatic injury 34 . Thus, decreased GSH levels, increased LPO levels and modulated oxidative stress parameters during diabetes in the present study, might have caused histopathologic damage in the liver tissue. However, ALE treatment decreased the inflammation, necrosis and improved the overall histological architectural of the tissue. Thus, decrease in blood glucose levels, improvement in the biochemical and prooxidant parameters upon ALE treatment corroborated the anti oxidative properties of ALE. Therefore, present study clearly demonstrates that ALE possesses excellent antioxidative, antidiabetic, and hepatoprotective properties.
CONCLUSION
The Azadirachta indica leaf extract has a potential to attenuate the diabetic and oxidative stress related pathological alterations developed in the liver tissue. The Azadirachta indica leaf extract demonstrated the protective effect by restoring the antioxidant biomarkers and improving the ultra structure of the tissue.
